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two-piece housing forming an orthogonal ‘hybrid-T o

~ junction having a fin-line mounted within the wave-

- guide E-plane at the output of the orthogonal hybrid-T
- junction with one-half of the fin-line substrate mounted
 within the top waveguide housing and the other half'
: -'1nserted w1th1n the bottem wavegulde housmg
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ST fed into the E-arm

o -- _. w]_th ldentlcal orthogﬁﬂal hybr]_d-T

ORTHOGONAL HYBRID FIN-LINE MIXER

BACKGROUND OF THE INVENTION

The present mventlcn relates to wavegulde hybrlds

~ Many forms of waveguides and mixers have ‘been
- developed over the years, Among the wavegulde hy-

~ brids that have been developed are the orthogonal hy-

- brid-T which has been developed as a more compact
~ structure than a standard magic-T. The orthogonal
o hybnd-T forms a very compact device and in operation
- one RF energy is fed into the H-arm while another is -
- . Each 31gnal couples through its
respective iris into a common cavity where the signal is

- | _and mixers and pertains partlcularly to an improved
~ orthogonal hybrid-T fin-line mixer capable of both sin- -
B 'gle- and double-balanced configuration. =~ _'
~ Microwave _]unctlons are widely used in radar tech- 10
| nology as power dividing, summing and dlfferenclngj
- networks. They are used in one form or another in mcst

- _-___'of the microwave components and subsystems
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20

-split equally into two H-plane waveguide outputs. The

- two output signals have the same phase relatlenshlp as
~ _thatof a magic-T. |

25

~The present mventlon is anned at prcwdmg an im-

- cessing and which facilitates the use of low parasitic
~ beam lead diodes. Furthermore, simple circuit mount-

~ ing via split block constructed housing should preclude o

| . | Preved Ka-band mixer. The mixer should be able to - '_:
- take advantage of low cost printed circuit fabrication

- technology which is particularly suited to batch PIO- 4,

' Ancther eb_]ect of the mventlcn 18 tc have a nnxer. _; - '
whlch is biasable by 1ncerperat1ng a blasmg network__'z%_:_' o

cntc the circuit pattern.

- A further object of the m.ventlon IS tc have the mixer N o
9 scalable (i.e. to scale the mixer frequency from Ka-band. =~
‘down to lower bands or up to higher bands until phys;---e IS

cal limitation for such scalablhty has been reached)

o PR o _' e o 3 4 430 336 s j: = ;;l:;;{fj{__:':;___j o

‘Ina preferred embodiment, the invention is a Ka-l.' -

band mixer combined with the feature of high perfor-— B
mance (1 e. low noise and low spurius responses) and
~ small size. High performance is obtained by utlhzmg;_z-.--_' ;
~ fin-line printed circuit approach so that low noise, low
~ parasitic beam lead Schcttky' diodes can be used and at
“the same time small size is achieved by being able to =~
integrate this fin-line into a ccmpaet orthogonal hybrid- =~
T. The orthogonal hybrid-T in this case provides the
'-‘.;mputs for the LO and RF signals and, after they are
properly split, they travel to the two respective H-plane =
outputs. The fin-line circuit mounted inside the wave-
guide E-plane at the output of the orthogonal hybrld-T. S
- provides the impedance matching, signals mixin g and S
| -ﬁltenng IF signal is extracted at the IF terminal. o
In another embodiment of the invention, both smgle— o
‘and double-balanced mixer configurations can be cb-'; -

-talned usmg the 1dent1cal erthogcnal hybrld-T |
BRIEF DESCRIPTION OF THE DRAWINGS

‘present invention will become apparent from the fol-
lowing descnptlcn when read in conjunction Wltl‘l the .

| -accempanymg drawings wherein:

- the need for multiple complex machined parts, thus

~ further reducing fabrication cost as compared to the
- traditional all waveguide mixer with whlsker ccntacted
" honeycomb Schottky diodes. - -
~ The invention should also lead te fully 1ntegrated |
-~ multifunctional down converters which can readily
~ include a local oscillator, low noise amplifier, antenna,
. appropriate preselection and postselection filters, or

 other integrated circuitry which complement the down
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FIG 4 isa sectlenal v1ew taken cn hne 4—4 cf FIG

- mixer;

converter assembly. Integrated receivers using mono-
~circuit board;

- lithic or millimeter wave integrated circuitry should be
~ under partlcular attention due to the inherent small size
_and low production cost. This benefit should offer con-
~ siderable advantages when mechanlzmg multlchannel )
~ receivers for applications where space is a premium.
. Thus, the de51gn apprcach should yleld production
~ economy due to ease of manufacturing and should be 50
- compatible to microwave and millimeter wave inte-
- grated circuit technology using suSpended stripline,
o lmcrestrlp, ccplanar and slot line where air and metal-

S ;llzed dlelectrlc substrate can be the prnnary media.

SUMMARY AND OBJECTS OF THE
R INVENTION

FIG.81sa plan wew ef a further c1rcu1t board conﬁ g-:;f.- -

- uration: and -

.' 55 e
- terminal 16 extending from the upper housing. The =
- upper and lower housings 12 and 14 are preferably

constructed of a conducting metal such as aluminum or |

Ttis the prnnary object of the present HlVﬁIlthIl to

__prowde an improved Ka-band mixer which has lcw |
- . conversion loss and low spurius respcnses ) |
o Another object of the invention is to be able to utlhze o
o pnnted circuit and low parasitic (i.e. beam lead) diodes.
. Another object of the invention is to prcvrde a small
o mlxer by utilizing orthogonal hybrld-T

- Another object of the invention is to be able to pro-
 vide: srngle- and double-balanced mixer ccnﬁguratlcns
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

" The above and cther cbjects and advantages of thel_ o

~ FIG. 1is a perspective view of the mixer medule R
FIG. 2 is a perspective view with the upper perttcn .

of the module removed and inverted; T
FIG disa sectlcnal view taken on line 3—3 ef FIG L

FIG 5 is a plan view cf the underrude of the Cll'Clllt'; o
‘board; I | | -
FIG 6 is a schematlc ef the ﬁn-hne s:ngle-balanced; S

FIG 7 IS. a plan vrew ef a deuble-balanced nnxer_::- L

 FIG. 9 lS a schematlc ef the dcuble-balanced nnxerﬂ'__.
'cu‘cult | | . S

Refernng to FIG. 1, a mixer in accordance w1th the'_ﬁ": o

invention designated generally by the numeral 10, in- | |
- cludes a housing structure formed of an upper housing

12 and a lower housing 14 and including an IF coaxial =

fully incorporated herein by reference. o
Referring to FIG. 2, the upper housing 12 fcrms an

a copper alloy. This housing is shaped to form an or- -~
‘thogonal hybrid-T waveguide structure which servesas =~
~ the basic building block for the mixer. The basic orthog-
onal hybrid-T junction is fully disclosed in U.S. Pat. No.©
3,192,489, issued June 29, 1965 to Walker et al and is.

~upper waveguide assembly including a common cavity '

18 with which a first rectangular waveguide or RF
o sugnal lnput pert 20 cemmumcates and whlch cemmunl- -



~ cates with parallel rectangu]ar wavegurde channels 22

- and 24 separated by a common thin wall 25 forming the
upper halves of second and third rectangular wave-
- guide. These comrnumcate with a cavity 26 for the IF

ternnnal output.

- The lower housing 14 lncludes a forth rectangular -
wavegulde or RF signal port 28 communicating with

cavity 30 which communicates with parallel waveguide

channels 32 and 34 separated by a common thin wall 35.

forming the lower half of the second and third rectan-

gular waveguides extending along the length of the
housing. The waveguides 20 and 28 are collinear but
- with the major cross sectional dimension at right angles

- to one another. These waveguides 20 and 28 are also
15

orthogonal to the two parallel rectangular waveguides
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- inventron An adjustab]e short was 1ncorporated mto
‘the prototype design so that the center frequency could -

 be set at any part of the 26.5 to 40-GHz band. ThlS'_;.._ o
setting determmes the nnxers Operatmg center fre-_" S

22,32 and 24,34. This constructlon forms an orthogonal |

) hybrld-T junction.

The hybrid junction has the characterlstlc that a 51g-'
nal entering at one terminal pair will divide and emerge

from the two adjacent terminal pairs, but will not reach

20

~ the opposite terminal. With the illustrated orthogonal
 hybrid-T, a signal entering along either guide 20 or 28

- will divide equally along guides 22,32 and 24,34 but no
~ signal will be transmitted to the other or opposite gurdei
20 or 28. The waveguide 20, due to its orientation, is

~ other wavegmde 28 1s consrdered the E-plane arm of
- the unit. | | -
- In operation, one RF energy 51gnal is fed into the
 H-arm while another RF energy is fed into the E-arm.
Each signal couples through its respectwe iris into a

23
termed the H-plane arm of the guide assembly. The

~ the coaxial terminal being an intermediate frequency, or '

| 30 difference wave. The signals to be mixed would be 180° _' o

quency.

- The above described constructlon prowdes a com-'f“--
| mon wide band impedance transformation from wave--
~guide to fin-line for both RF and LO signals. In addi- =~
~tion, this de51gn is scalable to higher millimeter wave
10 frequencies using low noise, bearn lead Schottky barrier
~diodes. A
" A schematic of this Ka-band orthogonal hybrld ﬁn--__--_.r -
line mixer is illustrated in FIG. 6. The LO and RF =~
frequencies are input to the orthogonal hybrid-T, desig-
nated generally by the numeral 21 and the signals =
~ matched in impedance by the impedance transformers
42 and 44 to the beam lead diodes 46 and 48 where
 signals are mixed and IF extracted through the low pass =

filters 50 and 52 and by bonded wire leads 54 and 56 to -'

the IF output terminal 58. This construction providesa
mixer that is very small in size (less than a cubic inch), -

low cost, and w1th typtcal conversion loss of about_. |
6-dB. : | |

~ In operation, two srgnals to be mixed are applled to
- waveguides or ports 20 and 28. The two signals may be, =
- for example, a radio frequency wave (RF) and a local =

oscillator wave (1LO) with the resultant output wave at -

~ out of phase. The two signals are each divided equally -

common cavity 18, 30 where the signal is Spllt equally

- into two H-plane wave guide outputs 22,32 and 24,34.
The output signals have the same phase relatlonshlp as

~ that of a magic-T.

The present invention 1ncorporates a ﬁn line into the |
| f-_orthogonal hybrid-T junction described above to pro-
~ vide a unique compact device having hlgh performance .
~ and low cost. A fin-line substrate 36 is mounted in the
center of the E-plane with the substrate 36 fitting one-
~ half within a cutout 38 in the lower housing and one-
half in a similar cutout 40 in the upper housing. The
front edge 36a of the substrate 36 ahgns with the en-
" trance to the output waveguide openings 22,32 and
24,34 and the front edge of the common walls 25 and 35.

45

‘Referring to FIG. 5, a Ka-band fin-line circuit is-

~ circuit pattern as shown in FIG. 5. | |
The prlnted circuit on the top surface as shown in

" FIG. 5 is made of a conductive material such as copper, -

_. ~ printed on a thin metallized dielectric substrate This
- fin-line substrate has a two-sided prlnted circuit with a

50

~silver or the like and is formed with slot transformers 42

~.and 44 for matching the 1mpedance of the waveguides -
to the diode impedance. A pair of Schottky diodes 46
~ and 48 are connected to the circuit by soldering or

bonding across the slots to the ground pads. The ground

-~ pads are located a quarter wavelength away from the - '

slot transformer’s shortcircuited ends. Grounding for

the beam-lead diodes is provided by connection

~ through two plated through holes formed mn the sub-—.
- strate |
On the bottom srde of the substrate 1S a prmted c1rcu1t- -

60

: “including low pass mlcrostrlp filters 50 and 52 with

soldered or bonded wire leads connected to the outputs -
of the low pass filters at one end and to the center con-
~ductor of the IF connector at the other end.

A Ka-band fin-line balanced mixer prototype was.

'_ fabrlcated and tested in accordance W1th the present
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~within the hybrid-T waveguide and are matched in o
impedance by the transformers 42 and 44 to that of the- o

diodes 46 and 48 and applied thereto.

transformers. This structure is positioned on the top side -

of the printed circuit pattern including low pass filters

" 74 and 76 connected by means of respective coplanar

_ junctions through pairs of antiparallel diodes acrossthe

~ slot transformers. The two coplanar junctions 78 and 80 |

have a forwardly projecting point projecting into a =

‘V-slot in the metallization on the top side of the sub- =

‘strate. The coplanar junction 78 is connected by diodes

82 and 84 to the metal areas 64 and 66. The coplanar

- junction 80 is similarly connected by means of diodes 86.

and 88 to the metal areas 66 and 68. A bottom side

~ ground is formed by a metal cladding 89. The fin-line
‘mixer circuit assembly is mounted within the hybrid-T

housing as in the previously described embodiment.
Referrlng to FIG. 8, a similar double-balanced ﬁn-- |

Referring to FIG. 7, an alternate embodlment of a' S

| fin-line circuit pattern for a double-balanced ﬁn-hne-j I

- mixer designated generally by the numeral 60 includesa =~
substrate 62 which is metal cladded forming patternsor

- areas 64,.66 and 68 having slots 70 and 72 defining slot =~

line mixer is illustrated having slightly different conﬁg-
uration for the coplanar junctions. As illustrated in
FIG. 8, a fin-line designated generally by the numeral
90 includes a substrate 92 having pattern of metallic =~
“layer 94, 96 and 98 formed thereon with slot transform-
ers 100 and 102 formed in and separate the metal layers .

~ The circuit includes a filter arrangement including low
pass filters 104 and 106 connected into the circuit. with =
cc)planar _]llIlCthl’lS 108 and 110 connected by two anti-

- parallel pairs of diodes 112 and 114 and 116 and 118 to
the ground layer patterns 94, 96 and 98. The coplanar
junctions have a generally rectangular conﬁguratlon PR
~ fitting into generally rectangular slot or openings be-
tween the ground patterns on the top surface of the_.-'?"-.. =



substrate A sunllar bottom ground pattern or layer 119_ -_

~ is on the under surface of the substrate.

The sohematlc of these latter two and snnllar ﬁn-llne

o _'nnxer patterns is illustrated in FIG. 9. The same sche-
~ matic will represent both circuit patterns and for that 5
- reason the numeral references from FIG 7 will be em-

In summary, the present invention combmes the or- -

- thogonal hybrid-T with a fin-line resultlng in a compact

~ low cost thhly reliable microwave mixer. This ar- -

~ rangement physically provides a wide band impedance =~

~ transformation from wavegmde to fin-line for both RF .
~and LO signals. In addltton, it is scalable to the htgher S
- freqnenoles '

15

Thus, whlle we have 1llustrated and desortbed our

o invention by means of Speelf'io embodiments, it is tobe
~ understood that numerous changes and modifications
~ may be made therein without departlng from the spirit
- and scope of the mventlon as deﬁned in the appended

'w.olanns o | L |

We clann o |
1L An orthogonal hybrld fin-lme nnxer, __oomprrsmg

~ nal center plane of said housmg, o

o _an inlet wavegurde formed in each of said half-mem-' |

~“7°  an output port mounted on sald housmg and con-

an clongate housing 1nclud1ng two separable half-
- members, separable substantially along a longltudl-*

- bers for connecting to a respectwe signal source;
S '_____a plurality of waveguide channels in said housmg- |

- which, together with said inlet waveguides, form
- an orthogonal hybrld-T wavegulde structure;

30

L a planar fin-line substrate mounted in said housing to -

~be substantially co-planar with said center plane
~and to lie within the respeotwe E—planes of sald-'_-' .
| | | 35

| wavegulde channels;

circuit means on said substrate for - mlxmg mgnals

_ introduced into said waveguide channels through

- said input wavegmdes and provrdlng a mlxed out-

put signal;

__ '_an output port mounted on sald housmg and con--'
. nected to said circuit means for pI'OVldlIlg connec- '

tion to said mixed output signal.

2. An orthogonal hybrid fin-line mlxer, comprlslng .

e - an elongate housing including two separable half- o

- members, separable substantially along a longltudl- "'4:5 .

o nal center plane of said housing;

- _an inlet wavegulde forrned In each of satd half-mem-

bers

- apair of wavegulde channel portlons extendmg along 0.

~ - the length of each half-member which, when said ~"
~half-members are joined, form, with eorrespondlng

~ portions in the other half-member, a pair of wave-
- guide channels formmg, with said input wave-

- guides, an orthogonal hybrrd-T wavegulde struc- g

ture;

a planar ﬁn-lme substrate mounted n satd housmg to

- be substantlally co-planar with said center plane
. and to lie within the. reSpectwe E-planes of sald
wavegulde channels;

'-: cn'cult means on said substrate for mnnng SIgnals o
~ introduced into said waveguide channels through
~ said input wavegutdes and prowdlng a mlxed out-

- put signal; - | - -
an output port mounted on: sald housmg and con—
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- nected to said circuit means for provrdmg connec— :

o tlon to sald mlxed output mgnal | |
- -.'3 An orthogonal hybrld fin-llne mlxer, compnsmg

10

~ . for each channel,

55

18 smgle-balanoed

- plane of said housing; =~ R

;_ _' a pair of parallel rectangular wavegulde channels in o -
said housing separated by a common wall and ex-
tending from a common eawty at one end of sald-;:'._.-_. -

e housmg to the other end of said housing;

o 'a pair of colinear input waveguldes extendlng in op-_- R

~posite directions from said common cavity and

~ each said input wavegulde formed In a respeotlve' "
‘one of said half-members; |

- wavegulde channels;

put signal;

‘nected to said circuit means for prowdlng connec-
“tion to said mixed output signal. |
4. A hybrid waveguide mixer, comprlslng

25‘ - an elongate housing having a cavity; R o
e Opposnely-dtrected colinearly aligned mput wave-

‘guides on. Opp031te sides of said housing for con- '_ -_
- ducting microwave energy srgnals from reSpectwe |
. energy sources into the cavity; | .

| -"a pair of adjacent wavegulde channels. dlsposed sub- s

.stantlally in parallel in said housing with corre-
-sponding ends of the channels oommunloatmg

 through said cavity with both said input wave- :
guldes each channel for oonductlng a respective -
- portion of each microwave energy slgnal frorn said

~cavity into said housing; | S
- a planar fin-line substrate dlsposed in sald housmg to f

~ extend through and substantlally longltudmally' N
~ bisect said channels;

o electromc circuitry on said substrate and 1nclud1ng, o
transformer circuit means for

5 'coupllng said signal portions from said channel,
| mnnng means connected to said transformer means

- mixed portlons and prov:dlng a mlxed IF 51gna1 -
- and - |

. an output port mounted on sald housmg and con-'_'

nected to both said ﬁlter means for prowdm g a

~ mixed, IF output. | | =

5. The mixer of claim 4 whereln said housmg com-
pnses two elongate half-members, separable substan-

~ tially along a longitudinal center plane of said housing
and having recess means for holdlng sald substrate sub- o

stantially at said center plane. | S
‘6. The mixer of claim 5 wherein said lnput wave-

guides are formed in separate ones of said half-members.

7. The mixer of claim 5 wherein each half-member .

;1ncludes a pair of parallel waveguide channel portions

eextending substantially along the length thereof. =~
8. The mixer of claim 4 wherein said substrate is

disposed to be substantially coplanar with the center

- planes of respective oorrespondlng transverse propaga- |

tlon fields in said channels. o | o

9. The mixer of clalm 4 wherein sald nuxlng means s
| double-balanced | - |

'10. The mixer of clalm 4 whereln sald mlxmg means e

*x k % ¥ x

a housmg formed from two separable half—members T
~ separable substantially along a longltudmal oenter SRR

- orthogonal to said parallel wavegulde channels, :

- a planar fin-line substrate mounted in sald housmg to -
be substantially co-planar with said center plane
“and to lie within the respeetlve E—planes of sald_-- :

- circuit means on said substrate for mnung mgnals -' -
_introduced into said waveguide channels through
~-said mput waveguldes and provrdlng a mlxed out- -

for mixing said coupled portions, and filter means
-connected to said mixing means for receiving said
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